When 3-0-methyl glucose is actively transported into the fungus Dendryphiella salina metabolizable soluble carbohydrate is converted into polysaccharide and other insoluble material such that the total soluble carbohydrate concentration remains constant. Uptake of 3-0-methyl glucose from 1-0 mM solution is inhibited by equimolar glucose, fructose, mannitol or arabitol and by potassium acetate, both ionic species being involved. The results are discussed in relation to the control of hyphal osmotic pressure.
I N T R O D U C T I O N
The kinetics of glucose transport into cells are often best studied by using those analogues of glucose which are not metabolized. These analogues are used because uptake can be assayed radiochemically and active transport can be demonstrated unequivocally. Usuaiiy the amount of the analogue which has entered the cell is determined. If the analogue can be obtained with a high specific activity, the relationship between rate of uptake and the external concentration can be determined with a considerable degree of accuracy because the experimental period can be short enough to minimize changes of concentration in the medium. However, because the analogue is not metabolized, it is often assumed that its presence inside the cell is without effect on metabolism. This paper reports data for the marine hyphomycete Dendryphiella salina, demonstrating the incorrectness of this assumption.
Detailed information about the carbohydrate metabolism of Dendryphiella salina has been provided already (Allaway & The major soluble carbohydrates are mannitol and arabitol, the relative amounts being determined by the form in which the nitrogen is supplied to the external medium.
M E T H O D S
Organism and media. Dendryphiella salina Nicot & Pugh was maintained in culture and grown for experimental purposes as described by Allaway & Jennings (197oa) .
Experimental procedure. In all but one experiment (see Table 6 ) mycelial suspensions (25 ml) were incubated at 20 "C in open 150 ml boiling tubes. Aeration was via capillary tubes and at a rate sufficient to keep the suspension well stirred. When flasks were used for pretreatment of the mycelium, the same method of aeration was used. The procedures for washing mycelium and obtaining dry weights have been described by Allaway & Jennings Dubois et al. (1956) . i Mycelial carbohydrate (including 3-0-methyl glucose) extraction and analysis. As described by Holligan & Jennings (1972a) .
Labelled compound and assay of radioactivity. 3-O-Methyl-sr-~-glucose-~~C (U) and Dm a n n i t o l -~-~~C were obtained from the Radiochemical Centre, Amersham, Buckinghamshire. The level of radioactivity was determined with a Tricarb 3320 scintillation counter with 10 ml Bray's medium/vial. Up to I ml of all solutions, except those containing KOH, were added directly to the medium. KOH samples were added on 1.7 crn2 filter paper. In all instances, the appropriate blanks were counted.
Ratio of intracelluler waterldry weight. This was taken as 2-54 (Slayman & Tatum, 1964) . Results. Except in Table 6 , results are the mean of three replicates k standard error.
R E S U L T S
When Dendryphiella salina was presented with 3-0-methyl glucose [U-14C] at 6 mM for 45 min in a Gilson respirometer, all the radioactivity was recovered from the medium and the ethanol-soluble fraction. There was no detectable radioactivity in the carbon dioxide produced or in the ethanol insoluble material. The radioactivity in the ethanol extract behaved as 3-0-methyl glucose during chromatography. There was no change in the rate of oxygen uptake (8.9 ,ul/mg dry wt/h) or carbon dioxide evolution (5.2 pl/mg dry wt/h) after tipping the sugar from the sidearm.
3-0-Methyl glucose accumulated in the mycelium over a 25-fold range of concentration of sugar in the external medium (Table I) .
When the levels of the major soluble carbohydrates within the mycelium after 5 h in the presence of a range of concentrations of the 3-0-methyl glucose in the external medium were determined, the uptake of the sugar was found to increase with external concentration up to I mM ( Table 2 ). The absorption of 3-0-methyl glucose was accompanied by a drop in the mycelial levels of mannitol, arabitol and glucose (in all other experiments the mycelial levels of glucose were always less than O-010 pinol/mg dry wt; the cause of the high level in this experiment is not known). The fall of glucose level may be related to the fall in mannitol level, since there is a close metabolic relation between these two compounds (Holligan & Jennings, I 972 a) . However, the total mycelial soluble carbohydrate concentration was similar for all treatments.
The uptake of 3-0-methyl glucose was inhibited by equiinolar concentrations of glucose, fructose, mannitol or arabitol in the external medium ( Table 3) . Inhibition was still observed when the concentration of these compounds was a quarter that of the methyl glucose. It is difficult to put any order to the effectiveness of inhibition but arabitol seemed to be the least inhibitory. The total mycelial soluble carbohydrate content at the end of the experimental period was similar for all the treatments. The greater the internal level of 3-0-methyl glucose, the lower were the levels of both mannitol and arabitol. It is not possible to say, in this instance, whether the change in level of mannitol and arabitol was attributable to 3-0-methyl glucose affecting metabolic events within the mycelium or inhibiting the transport of the metabolizable carbohydrate into the fungus.
These data for the interaction between glucose and 3-0-methyl glucose on the uptake of the latter and upon the level of soluble carbohydrates within the mycelium are confirmed in Table 4 . The data also show that 3-0-methyl glucose caused a greater drop in the mycelial content of mannitol and arabitol, than that which occurred in the mycelium in distilled water.
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Another experiment showed the effects of three treatments -glucose, 3-0-methyl glucose (each at 1.0 mM) and distilled water -on the mycelial level of mannitol available and polysaccharide hydrolysable by I 5 N-sulphuric acid ( Table 5 ). The initial levels of soluble carbohydrate were relatively high and there was a drop to a level which appears to be independent of the treatment. The level of polysaccharide hydrolysed by I 5 N-sulphuric acid rose in the 3-0-methyl glucose treatment, remained the same with glucose but fell in distilled water. The difference at the end of 3 h between the level in the mycelium which had been in distilled water and that which had been in 3-0-methyl glucose was 0-2 pmollmg dry wt. This value, which is about two-thirds of the amount of 3-0-methyl glucose taken into mycelium, allows one to suggest that the reduced level of soluble metabolizable carbohydrate found after treatment with 3-0-methyl glucose might in part be a consequence of their conversion to polysaccharide. However, only 50 % of the reduction can be accounted for by such a conversion, so 3-0-methyl glucose must accelerate the conversion of soluble carbohydrates to compounds other than polysaccharide hydrolysable with I 3 N-sulphuric acid.
The end products of the metabolic processes stimulated by 3-0-methyl glucose were also investigated by using radioactive tracer ( Table 6 ). Mycelium pretreated with mannitol [r-l4CC] was left for 3 h to allow equilibration of the label, the medium containing calcium chloride to minimize loss of radioactive compounds from the hyphae (Allaway & Jennings, 197ob) . During this period, radioactivity moved from the soluble fraction to carbon dioxide and insoluble material, both that hydrolysable by 1.5 N-H,SO, and that resistant to hydrolysis, some of which is likely to have been polysaccharide. In a subsequent 3 h period, the rate of loss into carbon dioxide was very much reduced, but radioactivity moved into the fraction hydrolysable with 1.5 N-sulphuric acid from that resistant to hydrolysis. There was little change in the amount of radioactivity in ethanol-soluble fraction. On the other hand, the addition of 3-0-methyl glucose to the medium caused a movement of nearly 45 % of the radioactivity from the ethanol-soluble fraction into insoluble material. Romano & Kornberg (1969) showed that uptake of 2-deoxy-~-gh1cose by Aspergillus nidulans was inhibited by acetate. The effects of acetate on the uptake of 3-0-methyl glucose by Dendryphiella salina provides a useful point of comparison between the transport systems in the two fungi. In D. s a h a uptake of 3-0-methyl glucose was inhibited by roo mMpotassium acetate (Table 7) . Calcium chloride (10 mM) has an ameliorating effect but the amount of sugar absorbed is still lower than that when chloride ions were in the medium instead of acetate.
Allaway & Jennings (197oa) have shown that calcium, by maintaining membrane integrity, prevents monovalent cations from inhibiting glucose uptake and utilization by Dendryphiella sulina. An experiment was designed to show that essentially the same holds for the effect of monovalent cations upon the uptake of 3-0-methyl glucose. When mycelium containing 3-0-methyl glucose was put in solutions containing the radioactive sugar and either 200 mM-sodium or potassium chlorides with or without 10 mM-calcium chloride, uptake was lower in the solutions containing only sodium or potassium chlorides than when calcium was also present (Table 8) . Parallel measurements of loss of previously absorbed 3-0-methyl glucose (in this instance radioactive) show that the decreased uptake was accompanied by increased loss of the sugar and vice versa. The reasons for the relatively high value for uptake of 3-0-methyl glucose in distilled water are not clear Mycelium (0.423 g drywt) was pre-incubated for 3 h in 70m12-5 x Io-2M-mannitol [ I -'~C C ] ( O -I~~C~/ -ml) in a 250 ml conical flask, then separated from the medium and thoroughly washed with distilled water. Mycelium was then dispensed into Gilson flasks and suspended in 3.0 ml I O -~ M-calcium chloride. Flasks were shaken at 20 "C for 6 h; in the appropriate instance after 3 h 3-O-methyl glucose was tipped from the side arm to give 1.0 mM. At the end of the experiment, the centre well of the flasks was washed out twice with 0-2 ml potassium hydroxide, the solution being removed with paper squares. Two samples of mycelium of about I -6 g (dry wt) incubated for 3 h in 600 nil 4 x I O -~ m~-3 -Umethyl glucose in 11 conical flask. One solution contained 0.04 pCi/ml radioactivity and the mycelium absorbed an amount equivalent to 1.47 nmol/mg dry wt. After 3 h the mycelium was separated from the medium, thoroughly washed and resuspended in distilled water. Samples were dispensed into tubes containing the appropriate ions and 4 x I w 3 m~-3-U-methyl glucose, radioactive (0.04 pCilm1) for non-radioactive mycelium and vice versa.
Treatment
Loss of radioactivity as *< absorbed in pretreatmen t period
Uptake of 3-O-methyl glucose nmol/mg dry wt 
D I S C U S S I O N
There is no evidence that 3-O-methyl is metabolized by Dcndryphiella salina, yet entry of this sugar into the mycelium causes an increased rate of metabolism of +lime soluble carbohydrates already present. This increased rate of metabolism is not at 2ompanied by any change in the rate of respiration. Chemical analysis has shown conversion of soluble carbohydrate to polysaccharide is one of the processes increased in rate by 3-@methyl glucose. The results from the experiment with radioactive tracer confirm this, though these latter results should be viewed with some caution since we have no information about those compounds in the ethanol-soluble fraction which became labelled.
A striking feature of the data is the great similarity of the mycelial concentration of soluble carbohydrates at the end of a period of exposure either to 3-O-methyl glucose or to a range of carbohydrates which can be metabolized. The simplest hypothesis is that the transport of each molecule of sugar into the mycelium is accompanied by the concomitant conversion of either a mannitol or an arabitol molecule into polysaccharide or some other insoluble compound. Of the two sugar alcohols, mannitol is the more likely candidate for direct involvement since, from the few results obtained (Table 9 ), there appears to be a simple relationship between 3-O-methyl glucose uptake and mannitol level, whereas no such relationship appears to exist with arabitol.
The ability of the mycelium to maintain a constant concentration of soluble carbohydrates whilst also absorbing carbohydrates from the external medium will mean that there is little fluctuation of the hyphal osmotic pressure. Inadequate regulation of this can lead to the bursting of hyphae or changes in their morphology (Robertson, 1959) . It must be pointed out that the information presented here refers to only one aspect of the problem of the control of hyphal osmotic pressure in Dendryphiella salina. Thus, when mycelium is exposed to varying concentrations of sea water and 0.27 mM-glucose, increasing amounts of mannitol and arabitol are produced in the mycelium as the medium becomes more saline. The increase in the mycelial content of these two sugar alcohols is a major contribution to the adjustment of the hyphal osmotic pressure, so that the correct differential of water potential is maintained between the mycelium and the external medium (Jennings, 1973) .
It is not unreasonable to conclude, from the marked inhibition of 3-O-methyl glucose
The metabolic efect of 3-O-inethyl glucose 293 t The concentrati'oni of mannitol and arbitol are those measured -at the end of an experimental period,
in distilled water, the assumption being that there is little change from the initial concentration.
uptake by glucose, fructose, mannitol and arabitol, that the same system is involved in the transport of all these compounds. But much more quantitative information, particularly about how 3-0-methyl glucose affects the uptake of the hexoses and the polyols, is needed to substantiate this. If Dendryphiella salina is like Neurospora crassa in possessing two glucose-transport systems (Scarborough, I 970 a, b) , the bulk of the information presented here must refer to the low affinity system, since in N . crassa this system is operative over the range of concentrations used in this study. At first sight, the system appears to be like that of Aspergillus niger which is responsible for the uptake of glucose and 2-deoxy-n-glucose. However, this comparison needs to be made with caution, since the relevant information for A . niger does not take into account the effect of monovalent cations on the permeability of the hyphae. The reduced uptake of 2-deoxy-~-glucose brought about by the presence of IOO mwsodium acetate is as likely to be caused by the sodium as by the acetate ions. Further, the reduction in level of phosphorylated compounds in A . niger observed with sodium acetate could be due to loss into the medium brought about by sodium ions; this has been found for excised beech mycorrhiza (Jennings, 1964) . We are not sure why acetate inhibits the uptake of 3-0-methyl glucose by Dendryphiella salina. Conceivably, acetyl-coenzyme A produced from the acetate which is assimilated may be the inhibitory agent (Morgan & Kornberg, 1969) . On the other hand, since acetate assimilation in D. salina leads to accumulation of mannitol and arabitol (Holligan & Jennings, 1973) it is conceivable that these latter compounds, particularly mannitol, may be bringing about the inhibition. We point out this possibility, because the experiments with acetate differ from the others in that the uptake of 3-0-methyl glucose was measured over a period when sugar alcohols were being continuously synthesized from an exogenous carbon source.
A great deal more work is required to determine the metabolic events which are taking place when 3-0-methyl glucose is transported into the mycelium of Dendryphiella salina. We appreciate the data are inadequate for detailed mechanistic interpretation and work is in progress to help rectify this. Nevertheless, the present data require presentation since they draw attention to metabolic events which occur during the active transport of a nonmetabolizable sugar and which do not seem to have been anticipated by others making similar studies.
We thank Mr M. Bewick and Mr Y-B. Ho for their help in this investigation. We are indebted to S.R.C. for financial support.
